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(57) ABSTRACT

A unit for pumping fluid, particularly blood, 1s provided with
an enclosure that has two half-shells and an elastic mem-
brane fixed perimetrically to the enclosure 1n order to divide
its space into two parts. One of the half-shells 1s provided
with valves that are located at the opeming of two connecting
ducts for the intake and delivery of the flmd, and the other
half-shell 1s connected to a line of working fluid that 1s
alternately pressurized and depressurized. The first valve 1s
a disk-shaped sheet made of elastic material. The first valve
1s 1n a central position with a support that 1s fixed to the
opening of the first duct for connection to the outside and 1s
suitable to rest at its peripheral region on the support. A
second valve 1s a sheet of elastic material located at the
peripheral region of the disk at the opeming of the second
duct for connection to the outside which lies at the peripheral
region ol the opening of the first duct.

20 Claims, 7 Drawing Sheets
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BLOOD PUMPING UNIT, WITH A
COPLANAR DISK INLET VALVE AND AN
ANNULAR OUTLET VALVE

FIELD OF THE INVENTION

The present invention relates to a unit for pumping fluid,
particularly blood.

BACKGROUND OF THE INVENTION

It 1s known that during many operations 1t 1s necessary to
provide an extracorporeal circulation of blood in a circuit
which includes a pump. One type of pump suitable for use
in such extracorporeal circuits 1s a pulsating pump. The
pulsating pump includes an enclosure suitable to contain a
portion of space 1n which there acts an elastic membrane or
diaphragm. The diaphragm 1s actuated by a working fluid
acting against one face of the membrane which 1s alterna-
tively pressurized and depressurized according to the heart

rate and provides at the other face the suction and delivery
of the blood.

Known pulsating pumps are not entirely satisfactory,
particularly with respect to the valves that regulate the
inflow and outflow of the fluid.

SUMMARY OF THE INVENTION

The aim of the present invention 1s to provide a pumping,
unit that has maximum constructive simplicity, so as to
ensure modest costs and great reliability 1n operation. Within
the scope of this aim, an object of the imnvention 1s to provide
a pumping unit that 1s very compact and 1s suitable to be
integrated easily with other devices that are present 1n the
extracorporeal circuit through which the blood 1s meant to
flow, such as for example a heat exchanger or an oxygen-
ation apparatus.

The proposed aim and object are achieved by a unit for
pumping flud, particularly blood, according to the inven-
tion, which 1s provided with an enclosure that comprises two
half-shells that are suitable to define internally a portion of
space or pumping chamber, which contains an elastic mem-
brane or diaphragm, which 1s fixed around the perimeter to
the enclosure and lies within the portion of space, dividing,
it mto two hali-shell shaped parts. One of the hali-shells
being provided with valves that are located at the opening of
two ducts for the connection of the portion of space defined
by the enclosure to the outside for the intake and delivery of
the fluid, the other half-shell being connected to a line of
working fluid that 1s alternately pressurized and depressur-
1zed. The pumping unit includes a first valve that comprises
a disk-shaped sheet made of elastic material, which 1is
associated 1n a central position with a support that 1s fixed to
the opening of the first duct for connection to the outside and
1s suitable to rest at 1ts peripheral region on the support. A
second valve comprises a sheet made of elastic material,
which 1s located at the peripheral region of said disk at the
opening of a second of the two ducts for connection to the
outside which lies at the peripheral region of the opening of
the first duct, which 1s fixed at one of its edges and 1s suitable
to rest on the opening at the other edge.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages will become better
apparent from the description of some preferred but not
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2

exclusive embodiments of the invention, illustrated only by
way ol non-limiting examples 1n the accompanying draw-
ings, wherein:

FIG. 1 1s a sectional view of the pumping unit of the
invention at rest;

FIG. 2 1s an exploded view of the pumping unit of the
invention;

FIGS. 3 and 4 are sectional views of the pumping unit
respectively during intake and during delivery of the fluid;

FIGS. 5 and 6 are sectional views of two variations of the
invention;

FIG. 7 1s a sectional view of a variation of the elastic
membrane or diaphragm shown in FIG. 1;

FIG. 8 1s a perspective view of the mternal surfaces of the
two half-shells of the enclosure of one embodiment of this
invention;

FIG. 9 1s a perspective view of the support of the ilet
valve of one embodiment of this invention;

FIG. 10 1s a sectional view of an embodiment of this
invention;

FIG. 11 1s a sectional view of an embodiment of this
invention, taken along line XI-XI of FIG. 10;

FIG. 12 1s a sectional view of the pumping unit integrated
in an assembly with an oxygenation apparatus and a heat
exchanger.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

With reference to FIGS. 1 to 4, the numeral 1 generally
designates the pumping unit provided with a body portion or
enclosure that comprises two portions including a half-shell
2 and a second half-shell 3. The two hali-shell portions
define a pumping chamber 25 comprising an internal portion
of space 1n which the elastic membrane or diaphragm 4 1s
arranged, dividing the space into two parts. The membrane
1s fixed around its perimeter at the joining plane of the two
half-shells, which are ngidly connected by means of a film
of adhesive.

The lower half-shell 3 i1s provided with a fluid port
comprising hole 3a for connection to a line of working tluid,
such as air, which 1s alternatively pressurized and depres-
surized. The frequency of the alternation of pressure and
vacuum determines the rate at which flmud 1s pumped
through the unit and may advantageously be selected to
substantially coincide with the heart rate.

A discharge portion comprising ring 5 1s monolithically
applied to the upper half-shell 2 and 1s provided with
circumierential cavity Sa, having an outlet duct fluidly
connected to outlet connector 6. This connector 1s suitable to
be connected to a line for the delivery of the fluid, particu-
larly blood. Ring 5 1s also provided with an inlet duct 556 for
connection to an inlet connector 7, which 1s fixed by means
of a film of adhesive and 1s suitable to be connected to a fluid
intake line.

An mlet valve 1s provided at the opening of the duct 55
and comprises a generally circumiferential disk 8 made of
clastic matenal, located centrally about an inlet valve sup-
port 9. Support 9 1s fixed to the opening of the duct 5b6. More
specifically, disk 8 1s fixed by means of a stud 10 to a central
hub 9a of 1inlet valve support 9, which 1s connected by means
of wings 95 to an outer body 9c¢ of support 9. Disk 8 has an
outer peripheral portion 8a which seals against outer body
9¢ when the 1nlet valve 1s closed as 1n FIG. 1. When the inlet
valve 1s 1n the open position as shown 1n FIG. 3, portion 8a
1s moved away from outer body 9¢ to allow fluid tlow
through outer body 9c¢ through openings between wings 95.
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The opening of outlet connector 6 i1s located at the
peripheral region of the opening of the inlet duct 56 and
gives access to the circumierential cavity 5a. The access to
the circumierential cavity 5a 1s controlled by an outlet valve
that comprises an annular sheet of elastic material 11, which
1s fixed at its inner edge 11a between ring 5 and outber body
9c. An outer edge 115 rests on half-shell 2 when the valve
1s 1n the closed position as shown i FIG. 3.

The operation of the mvention 1s 1llustrated by the Fig-
ures.

From the mnactive position shown in FIG. 1, a negative
pressure of the working fluid below the membrane 4 moves
membrane 4 downward, as shown 1n FIG. 3. This movement
causes a suction between wings 95, opening the inlet valve
by causing an outer peripheral edge of disk 8 to descend as
shown 1n FIG. 3. This in turn causes the pumping chamber
25 to be filled by the fluid.

During this intake step, annular sheet 11 remains in the
position for blocking the flow of fluid into the circumier-
ential cavity 5a or outlet connector 66.

The intake step 1s followed by a delivery step. During the
delivery step, the working fluid i1s pressurized resulting 1n
movement of membrane 4 to the position shown in FIG. 4.
This movement pressurizes the pumping chamber, closing
the 1nlet valve and opeming the outlet valve. In particular, as
seen 1n FIG. 4, disk 8 of the inlet valve sits against outer
body 9c¢, thus closing the inlet valve, and the outer periphery
1156 of sheet 11 moves away from half-shell 2, thus opening
the outlet valve. The opening of the outlet valve allows the
fluid, particularly blood, to access the circumierential cavity
5a and from there the delivery connector 6.

FIG. 5 1s a view of another embodiment of of the
invention. This embodiment 1s similar to that illustrated 1n
FIG. 1, where elastic disc 8 1s coplanar with elastic sheet 11.
Here, disk 12 of the inlet valve and annular sheet 13 of the
outlet valve are arranged on parallel planes, with disk 12
below annular sheet 13. That 1s, disk 12 1s closer to the
center of the portion of space formed by the enclosure than
1s annular sheet 13.

The opposite situation occurs in the embodiment shown 1n
FIG. 6, 1n which annular sheet 15 and disk 14 are arranged
on parallel planes, but the annular sheet 135 1s closer to the
center than disk 14. In every other respect, the two embodi-
ments shown i FIGS. 5 and 6 are similar to the first
described embodiment.

FI1G. 7 1llustrates another embodiment of an elastic mem-
brane or diaphragm. FIG. 7 shows elastic membrane 16,
which 1s similar 1n function to elastic membrane 4 of FIGS.
1 to 6. However, instead of being smooth as shown 1in
previous embodiments, membrane 16 1s corrugated 1n order
to 1mprove its flexibility characteristics.

FIG. 8 1s a view of the internal surface of two half-shells
17 and 18, which comprise alternate embodiments of the
enclosure of the pumping unit. Instead of being smooth as
for the two hall-shells 2 and 3 described above, half-shells
17 and 18 have grooves 17a and 18a, respectively, These
grooves serve to prevent the elastic membrane 4 from
sticking to the surface of a hali-shell.

For the same purpose, support 19, shown in FIG. 9, of the
inlet valve 1s provided with grooves 19aq at the surface
directed toward membrane 4. As an alternative to grooves
17a, 18a and 19a, slightly protruding teeth or ndges might
be present on the respective surfaces.

An improvement to the flmd-dynamics characteristics at
the delivery can be achieved by arranging, as shown in
FIGS. 10 and 11, ring 20 provided with a circumierential
cavity 20a eccentrically with respect to the opening of the
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4

delivery duct instead of coaxially thereto, as occurs 1n the
embodiment shown 1 FIG. 1.

FIG. 12 illustrates the compactness and synergy provided
in the coupling of a pumping unit 21 according to the
invention to other devices comprised within a circuit for the
extracorporeal circulation of blood, such as the heat
exchanger 22, connected directly to the inlet connector, and
the oxygenation apparatus 23, 1n which the blood from the
pumping unit 21 enters directly into an oxygenation cham-
ber 23a containing hollow fibers, through which oxygen
flows by entering through port 235 and exiting through port
23c. The blood travels upwardly through the oxygenation
chamber contacting the exterior of the fibers and then exits
the oxygenator through connector 234.

The described 1invention 1s susceptible of numerous other
modifications and variations, all of which are within the
scope of the inventive concept. Thus, for example, the duct
whose opening 1s controlled by the valve that comprises the
disk made of elastic material can be connected to the fluid
delivery line, while the sheet of elastic material arranged 1n
the peripheral region of said disk, comprised in the other
valve, can control the opening of the duct connected to the
intake line, and 1n this case can be fixed at the outer edge.

What 1s claimed 1s:

1. A device for pulsed pumping of blood, comprising:

a body portion;

a pumping chamber disposed within the body portion
having a diaphragm, an inlet duct and an outlet duct;

an 1nlet valve support fixed to an opening in the inlet duct;

an 1nlet disk valve attached to the inlet valve support for
controlling flow of blood from the inlet duct into the
pumping chamber; and

an annular outlet valve for controlling flow of blood from
the pumping chamber to the outlet duct,

wherein the 1nlet valve and the outlet valve both comprise
a planar elastic material and wherein the inlet valve and
the outlet valve are coplanar.

2. The device of claim 1 wherein the diaphragm 1s moved
from a first position to a second position by dynamic
pressure created by a working tluid.

3. The device of claam 1 wherein the body portion
includes an upper portion and a lower portion.

4. The device of claim 3 wherein the inlet duct and the
outlet duct are in the upper portion.

5. The device of claim 3 wherein the lower portion
includes a fluid port in communication with a working fluid
that acts on the diaphragm to alternately pressurize and
depressurize the pumping chamber.

6. The device of claim 3 further having a circumierential
ring attached to the upper portion, the circumierential ring
having a circumierential cavity connected to receive blood
from the 1nlet duct.

7. The device of claim 6 wherein the circumierential ring
1s eccentric to the ilet duct.

8. The device of claim 6 wherein the circumierential ring
1s coaxial to the inlet duct.

9. The device of claim 1 further comprising an oxygen-
ation chamber 1n fluid communication with the outlet duct.

10. The device of claim 1 further comprising a heat
exchanger 1n fluid communication with the mnlet duct.

11. A device for pulsed pumping of blood, comprising:

a body portion having an upper portion and a lower
portion;

a pumping chamber defined by the upper portion and the
lower portion, and having a diaphragm an 1nlet duct and
an outlet duct, at least the inlet duct attached to the
upper body portion;
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an 1nlet valve support fixed to an opening in the inlet duct;
an inlet valve attached to the inlet valve support for
controlling flow of blood from the inlet duct into the
pumping chamber;
an outlet valve for controlling the flow of blood from the
pumping chamber to the outlet duct; and
a circumierential ring attached to the upper portion, the
circumierential ring having a circumierential cavity
connected to receive blood from the inlet duct,
wherein the mlet valve and the outlet valve both comprise
a planar elastic material and wherein the inlet valve and
the outlet valve are coplanar.
12. The device of claim 11 wherein the outlet valve 1s an
annular valve.
13. The device of claim 11 wherein the 1nlet valve 1s a disk
valve.
14. The device of claim 11 wherein the diaphragm 1is
moved from a first position to a second position by dynamic
pressure created by a working fluid.
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15. The device of claim 11 wherein the inlet duct and the
outlet duct are 1n the upper portion.

16. The device of claim 11 wherein the lower portion
includes a fluid port in communication with a working tluid
that acts on the diaphragm to alternately pressurize and
depressurize the pumping chamber.

17. The device of claam 11 wherein the circumterential
ring 1s eccentric to the inlet duct.

18. The device of claim 11 wherein the circumiterential
ring 1s coaxial to the inlet duct.

19. The device of claim 11 further comprising an oxy-
genation chamber 1n fliud communication with the outlet
duct.

20. The device of claam 11 further comprising a heat
exchanger 1n fluid communication with the inlet duct.
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